During the past few years a number of studies of the chemical properties of atoms and radicals have indicated that considerable clarification of reaction mechanism may be achieved by such methods.' Wood2 and Bonhoeffer3 have demonstrated the preparation of atomic hydrogen. The work of Taylor and Lavin' and of Lavin and Stewart4 indicates that one of the products of a water vapor discharge tube is the hydroxyl radical. Gaviola and Wood' have shown that the radical NH, produced by the action of excited mercury on ammonia or on mixtures of nitrogen and hydrogen, may exist for an appreciable length of time. Thus it seemed probable that this radical might be drawn from an ammonia discharge tube and studied in a manner similar to that used with atomic hydrogen.
Experimental.-The experimental procedure was exactly that employed in the work with hydrogen and with water vapor. The accompanying diagram shows the method of placing the metal wound thermometers in the active gas stream. Small iron cylinders were attached to the end of the thermometers and by means of an electromagnet they could be moved in and out of the reaction zone without opening the apparatus.
The ammonia was taken from a tank where it was stored over sodium. Tank oxygen, nitrogen and ethylene were used.
Experimental Results.-Preliminary work' showed that when ammonia was flowed through a discharge tube, under the same conditions used to obtain atomic hydrogen, an active gas was obtained. This gas had in part the properties of atomic hydrogen; it was reducing in character and small solid particles along the exit of the discharge tube were heated to incandescence. But, in addition, in the liquid air trap, 1.5 meters from the discharge tube, there was an intense green glow. This glow emanated from the solid ammonia condensed in the trap, and under optimum conditions could be brought to sufficient intensity to be seen in a lighted room. This glow did not appear when solid ammonia in the trap was bombarded with atomic hydrogen or active nitrogen. It could, however, be produced by the admission of suitable quantities of ammonia to active nitrogen.
The possible active products in the exit tube of an ammonia discharge tube are atomic hydrogen, active nitrogen, NH and NH2.
The bands at 3370A -3360A which are characteristic of a discharge in ammonia and which have been ascribed to the NH molecule7 were sought in the afterglow, but were never found to be emitted. The absorption spectrum of a two-meter tube of the active gas also gave no trace of these bands. Relative intensity measurements of the bands, excited by an electrodeless discharge, in pure ammonia, and in ammonia activated by the discharge, proved impossible, due to the superposition of the strong O-O band of the second positive group of nitrogen, which was formed by the action of the discharge. The failure of spectroscopic methods to give direct evidence of NH led to a study of the chemical properties of the active gas.
Solid Surfaces.-The introduction of various solids into the gas stream showed that there was considerable difference in their ability to remove the luminescence in the trap. As has been mentioned, the metal wires were wound around the bulb end of the thermometer* and placed at either position A or at B. The results may be summarized in the following table. Both copper oxide and iron oxide extinguished the glow immediately on being placed in the active gas stream (at A). The metals affected the luminescence after varying periods of time. The exact induction periods have not yet been determined. As the metals became active in removing the luminescence, sputtering took place. As a result of this action, portions of the metal were deposited on the walls of the exit tube and there VOL. 16, 1930 805 806CHEMISTRY: LA VIN AND BA TES gave rise to a glow. When this condition was reached the glow in the trap was entirely extinguished. If the solid was removed to the side tube, away from the active gas stream, the luminescence of the sputtered material on the walls decreased in intensity and finally died away altogether. Simultaneously, the glow in the trap was restored. In some cases the glow could be seen to travel the length of the tube, apparently being re-sputtered and condensed many times.
It has been shown that the zinc catalyst is effective in removing atomic hydrogen almost entirely from a gas stream. Since this substance has little effect on the glow in the trap it is possible to remove atomic hydrogen by placing the zinc catalyst at A (Fig. 1) the reaction zone became quite hot, and a surface luminescence was observed. If the ethylene was shut off and the discharge stopped sufficiently to allow the tube to cool, and then the discharge turned on again the walls became hot once more. A surface luminescence was now present. The green glow was no longer present, but reappeared when the walls were cleaned, just as in the case of the sputtered metals.
The reaction with oxygen was accompanied by a blue-green glow; the luminescence in the trap was extinguished. The luminous zone with oxygen was very much longer than with ethylene, extending practically to the trap. When the supply of oxygen was cut off the glow did not go back into the trap but appeared on the tube just above. The phenylene di-amine test for nitrites was obtained.
Discussion.
-The results show that active gases streaming from a discharge in ammonia consist of atomic hydrogen and some nitrogen-containing radical or atom, which cannot be identified with certainty, but which is in all probability some lower radical hydride of nitrogen, NH or NH2. The possibility that the active gas consists of a mixture of active nitrogen and atomic hydrogen seems ruled out by the fact that the former alone gives none of the observed effects and that the active gas, with hydrogen atoms removed, retains its characteristic properties. The observation that copper oxide is so much more effective in removing the glow than metallic copper again points to a nitrogen hydride.
The specificity of the surfaces in their action, together with the induction period and sputtering, offers some points of catalytic interest. Since copper and iron oxides are very effective in removing the glow, we cannot ascribe the induction period to oxide removal by atomic hydrogen. It is closely related to the sputtering, which produces an active surface, especially on the walls where great activity is to be expected because of the fine subdivision of the sputtered material. The same effect is observed on catalysts employed in ammonia oxidation.8 Also, catalysts used in ammonia synthesis do not possess full activity when new but show an induction period with increasing activation.
The inability of hydrogen atoms or molecules to react with NH. on a surface of the zinc catalyst is also of interest in relation to the results of Taylor and Lavin who showed it to be extremely effective in removing hydrogen atoms. It suggests that zinc oxide catalysts may not be efficient in the recombination of H and OH, a point which up to the present has eluded experimental test owing to the great efficiency of such surfaces for hydrogen atom recombination.
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Summary.-1. A preliminary study has been made of the gases flowing from the exit of an ammonia discharge tube. 
